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INTRODUCTION
Nitrogen (N) is a key nutrient in both natural and agricultural ecosystems, since it is related to many biological processes, especially those associated with plant and microbial metabolism (Schulten and Schnitzer, 1997) . Intensive animal production has become a central issue in the anthropogenic modifications of the N cycle because of the increase in manure production: the animals use only a part of the nitrogen in the protein they consume, and therefore a major part is lost as faeces and urine (Van der Hoek, 1998) . The most appropriate manure management system is to use it as a fertiliser to recycle the nutrients, but this is not always possible depending on land availability and acceptance of manure by farmers.
What is more, livestock production is regarded in the European Union as a polluting activity because of the possible impacts on water (e.g. nitrate pollution), soils (e.g. eutrophication, accumulation of salts and heavy metals) and air resources (e.g. pollutant gases, aerosol formation, odours), and it is therefore subject to several regulations (for example N-Directive 91/676/CEE and Ceilings Directive 81/2001/EC).
Considering all these possible impacts, it seems necessary to quantify and characterize manure production in relation to two main aspects. On one hand, a reliable estimation of nitrogen excretion is essential to use manure more efficiently, and to avoid environmental impacts. On the other hand, nitrogen excretion is a crucial input to estimate ammonia and nitrous oxide emissions in relation to the national gas emission inventories (EMEP-CORINAIR, 2003; IPCC, 2006) .
A difference should be made between excreted nitrogen and the nitrogen in manure: as much as one half of the total ammoniacal nitrogen can be volatilised within a few days (Misselbrook et al., 2005) , and this has two main consequences. Firstly, ammonia is emitted, which can affect animal and human health (Roney et al., 2004) and contributes to eutrophication and acidification processes (Krupa, 2003) ; and secondly, there is a loss in the fertilizing value of the manure (Burton and Turner, 2003) , which should be considered when planning the fertilization programme.
The objective of the study presented in this paper was to quantify the excretion of nitrogen in rabbits throughout the whole fattening period, and to evaluate the efficiency in the use of nitrogen by animals under standard management.
MATERIALS AND METHODS

General approach
A mass balance was proposed to evaluate the components of the nitrogen balance in the production of fattening rabbits. The balance is based on the principle that the nitrogen intake by animals is partly accumulated in animal tissues, but is also partly lost as faeces and urine. The balance can be formally expressed as follows:
(1) Where M N feed , M N tissue , M N urine and M N faeces correspond to the nitrogen mass ingested by an animal, accumulated in the animal tissues, and excreted in the urine and faeces, respectively. This balance was evaluated weekly in the production of fattening rabbits using measured and bibliographic data as follows.
Two experiments (Experiment 1 and Experiment 2) were carried out on the farms corresponding to the Universidad Politécnica de Valencia (Spain). Experiment 2 was a repetition of Experiment 1, in order to confirm the results obtained there. The nitrogen balance was studied at animal level in eight cages with nine animals in each. The animals corresponded to the UPV line V, selected to improve litter size at weaning (Khalil and Baselga, 2002; Baselga, 2004) . The balance was performed weekly during a complete fattening cycle, from weaning (28 d of age) to slaughter (61 d), using ad libitum conventional feeding for rabbits. No distinction between males and females was made. Both experiments were carried out at the beginning of summer, in 2005 (Experiment 1) and 2006 (Experiment 2).
Components of the balance
The nitrogen balance was evaluated measuring the total weight corresponding to feed consumption, animal growth and the production of faeces and urine. On the other hand, the nitrogen content of each component was taken into account, and thus the Equation (1) was in practice evaluated as follows: (2) Where M is the fresh mass of each component of the balance expressed in kilograms, and N is the respective nitrogen content expressed in grams per kilogram (on a fresh basis); the term Rest is the error as regards inaccuracies in determining the balance. These components were determined as follows.
Feed consumption and animal growth were controlled weekly in each cage, whereas the production of urine and faeces were measured every two days for practical reasons. Urine and faeces were collected 
separately using a 4 mm mesh for faeces and a lower polyethylene layer collecting the urine into a 8 L bottle (see Figure 1 ). The device was easy to assemble and dismantle, but labour-demanding, since frequent weighing of faeces and urine was required.
The sampling protocol to determine the nitrogen content in feedstuff, urine and faeces was as follows: every week two samples of urine and two samples of faeces were taken for each cage and the nitrogen content was determined in duplicate using the Kjeldahl method. A single sample of feedstuff was also analysed weekly. Dry matter and ash content were also determined for all samples. The nitrogen content in animal tissues was estimated according to the recommendations made by Maertens et al. (2005) . They found that the nitrogen content in the body of the animal corrected by the nitrogen gut content was 29 g N/kg live weight for a fattening rabbit with a standard weight of 2.5 kg. According to these authors, for lower animal weights, a correction of 0.08 g N per 100 g of live weight should be applied, since nitrogen content is lower in younger animals.
The nitrogen balance was expressed in terms of animal produced and kilogram increase in body weight. The nitrogen corresponding to dead animals was initially considered as nitrogen accumulated in the tissues because this nitrogen has been metabolised, but at the end of the balance this component was distinguished in order to account for this nitrogen loss.
Environmental conditions
Temperature and relative humidity were continuously recorded both indoors and outdoors, using a data logger (HOBO H8-004-002) and a weather station (HOBO Weather Station), respectively. The ventilation flow on the farm was also monitored, using two HOBO ON/OFF data loggers to monitor the operation time of the two exhaust fans installed in the target building.
Statistical analysis
The nitrogen balance was calculated using weekly average values for each cage. An analysis of variance was carried out to find out whether any significant differences between cages existed, in relation to the parameters involved in the nitrogen balance. Cage Mi
Where M i is the measured mass of each component of the balance (g/week), and N i is the nitrogen content expressed in g/kg. The model was tested using the GLM procedure of SAS (2002) . This analysis was conducted to detect possible differences between cages, which would invalidate the use of a global average.
RESULTS AND DISCUSSION
The weights of the balance components, expressed per animal produced, are presented in Table 1 . In experiment 1, initial and final average animal weights were 0.569±0.014 and 1.816±0.027 kg, respectively, whereas in experiment 2 they were 0.663±0.015 and 1.806±0.028 kg. These weights were normal for Line V rabbits (Khalil and Baselga, 2002) , but slightly lower than the usual ones on Spanish commercial farms (approximately from 0.8 to 2.2 kg). The temperature inside the farm ranged from 20 and 28ºC, varying according to external temperature, which was normal for this part of the year (18-30ºC). The ventilation system worked properly during the two experiments.
An increase in the feed conversion ratio (FCR) is observed when the animals are older, and was on average 2.70 and 2.83 for experiments 1 and 2, respectively. The production of faeces was 2.11 and 2.26 kg per kg of animal produced. The production of urine, however, showed higher variability because water spillage by animals was collected together with urine. No differences between cages were observed in the nitrogen content and in the total mass of the components of the balance.
The animals consumed less feed during week 5 than in week 4 because the period corresponding to week 5 included only five days (from 29 to 33 d of the fattening cycle).
The nitrogen content of the components of the balance is shown in Table 2 . The nitrogen content in both faeces and urine tended to decrease with animal age, and was found to be highly dependent on water spillage by the animals.
By combining Tables 1 and 2 , a weekly estimation of the nitrogen balance was obtained. Figure 2 represents the accumulated components of the nitrogen balance in the two experiments. In both cases, the proportion of the nitrogen in the tissues was higher in the first weeks of the fattening period, which is in accordance with the lower FCR during these weeks. At the end of the cycle, however, only about one third of the nitrogen is present in the animal tissues.
The term Rest corresponds to the nitrogen mass that is not taken into account with the components of the balance considered. It can be seen that this term is larger during the first experiment, and this was attributed to a particular malfunction in the urine collecting system. These problems were solved in the Total 3,380±87 1,250±33 2,647±141 4,456±430 2.70 3,131±82 1,148±27 2,506±78 6,778±918 2.83 Table 1 : Weekly fresh mass of the components involved in the nitrogen balance expressed as g/animal (average±SE), including feed consumption, increase in body weight, the production of urine and faeces (all as g/period), and the feed conversion ratio (FCR).
design of the Experiment 2, and as a result the term Rest was reduced considerably. Another possible cause of this imbalance was the nitrogen loss from the urine and faeces collected, caused by the volatilisation of ammonia. This volatilisation can be easily minimised by adding an acid to the bottle collecting the urine, as usual in digestibility experiments, since urease activity is considerable within few hours (Udert et al., 2003) .
The components of the overall nitrogen balance during the entire fattening cycle are shown in Table 3 . In this table, the mass corresponding to dead animals (8 animals in each experiment) has been distinguished from the slaughtered animals (tissues).
Overall transformation of nitrogen intake to tissues was 43.1% and 41.8% in Experiments 1 and 2, respectively. Approximately 7.7% of the nitrogen converted to tissues was also lost as dead animals which did not reach slaughtering age. The efficiency in the use of the nitrogen is still lower than the 59% found by Guiziou and Béline (2005) for broiler production, but it is similar to pig production (Dourmad et al., 1999; Xiccato et al., 2005) , and higher than the nitrogen efficiency in mink production (Pedersen and Sandbol, 2002) .
The proportion of nitrogen excreted by faeces (24.9% and 26.6%) is closely related by definition to the apparent digestibility of the crude protein (75.1% and 73.4%, respectively) during the whole fattening period. Pascual et al. (2007) found a similar crude protein digestibility (75.0 %) for rabbits of the same line and age. However, the proportion of nitrogen in the faeces in the present study varied with animal age (see Figure 2) , which is in accordance with the results obtained by Fernandez et al. (1994) who reported a digestibility of the crude protein of 85.6% in recently weaned rabbits (21 d of age), which decreased to 76.1% in rabbits of 8 weeks of age. Gutierrez et al. (2003) reported a crude protein digestibility between 77% and 78% using different protein sources, in rabbits between 32 and 36 d of age.
The term Rest was particularly high during Experiment 1, partly due to losses in the urine collection system which were reduced in Experiment 2. It can therefore be considered that the amount urine nitrogen Figure 2: Accumulated nitrogen balance in fattening rabbits from weaning to slaughter.
was similar to the nitrogen in the faeces (25 and 27%, respectively) . Nitrogen is present in the urine mainly as urea (Bristow et al., 1992) , whereas faeces contains organic nitrogen compounds (Kirchmann and Witter, 1992) , and this is of fundamental importance in the ammonia emission dynamics, since urea nitrogen is readily available to form ammonia (Beline et al., 1998) . The proportion and type of nitrogen also determine the design of manure treatment systems, particularly the composting (Hao et al., 2004) .
The total nitrogen excreted, expressed per place and year, depends on the number of cycles within a year. If we assume that the Rest corresponds to losses in the determination of faeces and urine, then the nitrogen excretion includes these three terms. Values of nitrogen excretion expressed per animal produced and per place and year are shown in Table 4 . This table also shows the nitrogen excreted per kilogram increase in body weight and the excretion per place and year, considering 9 batches per year.
The nitrogen excretion obtained in this study is representative for rabbits produced in Spain, but it is lower than the result obtained by Maertens et al. (2005) for fattening rabbits from 0.8 to 2.5 kg of live weight, based on the input-output balance (94 grams of nitrogen per rabbit produced, and 658 grams of nitrogen per fattening place and year). In Spain, the market demands lower animal weights at slaughter (2 to 2.2 kg), and this difference in the final weight explains the discrepancy in nitrogen excretion, since the production of heavier animals involves a higher nitrogen excretion.
The relative nitrogen excretions obtained in this study (40.1 and 42.4 grams of nitrogen per kilogram produced) were similar to the 38 grams reported by Maertens et al. (2005) for fattening rabbits, but they show a lower efficiency in the utilization of this nutrient comparing to poultry production. In broiler production the nitrogen excretion is 22 grams of nitrogen per kilogram produced (Guiziou and Béline, 2005) . However, in pig production the nitrogen excretion is higher, between 49 and 53 grams of nitrogen per kilogram produced (Dourmad et al., 1999) .
CONCLUSIONS
The main conclusions of this study are related to the characterisation of the nitrogen cycle for fattening rabbits in Spain:
(1) The average nitrogen efficiency in the production of the fattening rabbits studied here is over 40% of the ingested nitrogen. This efficiency drops sharply with animal age.
(2) The losses of nitrogen in urine and faeces were similar, and accounted for more than 25% of the nitrogen intake each. 
